I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Thyrotoxicosis is the second most frequent functional thyroid disorder at our center.\[[@ref1][@ref2]\] Generally individuals with thyrotoxicosis present with hypermetabolic features, but pattern of sleep is not as well studied as in those with hypothyroidism.\[[@ref1]--[@ref4]\] Abnormalities in sleep regulation are often present in thyrotoxicosis\[[@ref5]\] even in the neonatal period,\[[@ref6]\] which can adversely affect the course of the disease.\[[@ref7]\] Owing to the paucity of published information we performed a retrospective analysis of sleep patterns in subjects who presented with thyrotoxicosis to our Center.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

We have a live electronic medical database of subjects who present with endocrine disorders at our Center.\[[@ref8]\] We identified individuals with the diagnosis of 'thyrotoxicosis' from our electronic medical record database, and evaluated clinical parameters and the pattern of their sleep (difficulty in falling asleep \[DFA\], difficulty in maintaining sleep \[(DMS\], excess daytime sleepiness \[EDS\]) as described previously\[[@ref4]\] \[[Table 1](#T1){ref-type="table"}\]. Those who did not complain of sleep disturbances were taken as having normal sleep. The aim of this study was to identify factors affecting sleep in this group of subjects at the time of presentation A list continuous variables is presented in [Table 1a](#T1){ref-type="table"} and of categorical/dichotomous variables in [Table 1b](#T2){ref-type="table"}.

###### 

Descriptive statistics for continuous variable
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###### 

Frequencies and percentages of categorical variables
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Statistical analysis {#sec2-1}
--------------------

Descriptive statistics are presented in [Table 1a](#T1){ref-type="table"} for continuous variables and in [table 1b](#T2){ref-type="table"} for categorical variables. The basic univariate analyses with logistic regression and results are shown in [Table 2](#T3){ref-type="table"}. From the univariate logistic regression analysis, the variables that had a *P*-value \< 0.1 (90% statistical significance) were considered as potential variables in the multivariate logistic regression done as a second phase analysis. These results are presented in [Table 3](#T4){ref-type="table"}. The same exercise was adopted for all three models defined earlier namely DFA, DMS and EDS. To minimize the non-identifiably or co-linearity problems, stepwise logistic regression was performed.

###### 

Univariate logistic regression, odd ratios and P-values by each model: Patients diagnosed as Thyrotoxicosis disorder between 1992 and 2004 in EDC
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###### 

Multivariate logistic regression, odd ratios, *P*-values and 95% CI by each model: Patients diagnosed as Thyrotoxicosis disorder between 1992 and 2004 in EDC
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In the stepwise logistic regression, a hierarchical forward selection and a backward elimination approach, P-value criteria for data inclusion and exclusion were set at 0.05 and 0.09, respectively. The model automatically selected the variable if one of the categories was statistically significant at 95% level.

Odds ratios (OR), values and 95% confidence intervals of variables associated with the presence of DFA, DMS and EDS were estimated in a final logistic regression model that contained all variables that had entered or had been retained in the stepwise procedures \[[Table 2](#T2){ref-type="table"}\]. All analyses were done using SAS v9.2 software.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Out of twenty one variables considered \[Tables [1a](#T1){ref-type="table"} and [b](#T1){ref-type="table"}\], seventeen were found to be statistically significant either partially or fully attaining at least 90% level of significance with DFA. But only three and ten variables, respectively, were found to be statistically significant at least for 90% significance level when the model response was performed for DMS and EDS, respectively. All models with the statistical significant variables were selected for multivariate logistic regression analysis.

In model response with variable DFA, multivariate logistic regression predicted that patients with abnormal appetite (more 1.7 or less 2.2), bowel movement abnormality (loose 1.5 or constipation 2.8), change in mood (easy loss of temper 3.4), changes in voice (hoarse 7.4 or moderately hoarse 3.1), had greater chances of difficulty in falling asleep (DFA) when compared to patients with normal appetite, normal bowel movements, normal affect or normal voice, respectively. Patients with tremor (yes = 5.4) are likely having the difficulty in maintaining sleep (DMS). Patients with hand tremors were as expected, less likely to have excessive daytime sleeping (EDS).

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Sleep disorders have been described in a variety of endocrine disorders and span across entire age spectrum.\[[@ref5][@ref6]\] Earlier studies focused on sleep disturbances in thyrotoxicosis in relation to organic movement disorders\[[@ref9][@ref10]\] and periodic paralysis\[[@ref11]\] but did not address sleep in general. A rare association of somnambulism was reported with hyperthyroidism.\[[@ref3]\] Studies of patterns of sleep disturbances *per se* other than sleep apnea are lacking

In the current study, we found an association of hyperkinetic features (tremor, appetite change, bowel disturbances) with difficulty in falling asleep DFA and with difficulty in maintaining sleep DMS.

The sleep disturbances can potentially add to poor physical health of those with thyrotoxicosis,\[[@ref12]\] which could be associated with increased percentage of sleep time spent in stages 3 and 4 (non-REM sleep).\[[@ref13]\] A modification of sleep behavior has potential to improve overall wellness of patients with hyperthyroidism. Disturbances of sleep may directly or indirectly contribute to glucose dys-metabolism often reported in patients with hyperthyroidism. Thus understanding of patterns of sleep in hyperthyroid state begs attention. Our study is a step in that direction.

In conclusion, we have shown that thyrotoxicosis is associated principally with difficulty in falling asleep (DFA). Rather than merely affecting the quality of life in untreated thyrotoxicosis, there are potential adverse consequences for behavioral and cardiovascular performance as well.\[[@ref14][@ref15]\] It would be instructive to study the latter association in future in larger well well-designed prospective studies.
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